Abstract. -We study the profile of a thin liquid film completely wetting a rough solid surface.
Introduction. -Wetting of solid surfaces by liquids has many practical applications and consequently has been an important area of both applied and basic research for many years. However, many of the more complicated (<real* wetting processes are, at best, only partially understood. The main reason for this is the great sensitivity of any interfacial phenomenon such as wetting to roughness(') and inhomogeneity of the solid surface, and to contaminations of the liquid.
The aim of the present letter is to consider, theoretically, the effect of surface roughness on thin liquid films. We concentrate here on the static properties, namely the shape of a liquid-vapor interface and its correlation with the roughness of the underlying solid surface.
(' 1 Throughout this paper, we will refer to any solid whose surface is not microscopically smooth as being rough, to be distinguished from the same term used for surfaces undergoing a roughening transition.
Our predictions can be compared with two recent experiments. In the first, roughness of a solid glass substrate was correlated with the fluctuations of a thin water film (thickness of the order of 100 A) using grazing incidence synchrotron X-ray diffraction [l] . In the second, drops of silicon oil (PDMS) spreading on etched glass, fused silica and mica were studied by
In the case of partial wetting, i.e. when the contact angle 0, is finite, surface roughness (as well as chemical inhomogeneities or contaminations) has been shown to cause contact angle hysteresis: the advancing and receding contact angles are unequal [3-51. It is useful in this situation to think of the roughness as a random surface field which pins the solid1 liquidlvapor contact line and thus causes hysteresis in the contact angle.
In the case of complete wetting (zero contact angle) a thin liquid layer completely covers the solid surface. As shown below, surface roughness leads to roughening of the liquidhapor interface. We identify three examples of wetting films that can be treated in a similar fashion: i) a thin liquid film in equilibrium with its undersaturated vapor; ii) a liquid film on a horizontal plate located at height h above a liquid reservoir; iii) a nonvolatile liquid whose total volume is conserved [6]. In the last two cases the vapor phase could be instead a second liquid.
We address here the structure of such wetting films on a rough solid surface [7- where the gradients are with respect to the vector x in the reference plane. The first two terms represent the change in interfacial energy with ysv, ysL and y the solid-vapor, solidliquid and liquid-vapor surface tensions, respectively. These interfacial energies describe interfaces separating semi-infinite regions of each phase. The third term, P (CL), represents the interaction per unit area between liquid and solid surfaces, and vanishes as (CL-
The final term is the chemical potential difference between liquid and vapor phases integrated over the volume of the film.
To find an expression for P(CL), we assume pair interactions between molecules, U&-),
where i and j are any of the relevant phases: vapor (V), liquid (L) or solid (S). The contributions to P come from interactions between solid and vapor regions: where I& is the disjoining pressure: 
Here A = ALS + ALV -ALL -Asv, p = /pJ, and for convenience a dimensionless variable Equation (11) is the central result of this paper. It relates the liquid profile to the solid one. Experimentally, in grazing incident X-ray diffraction [ l ] , the scattered intensities from the solid and liquid surfaces I&) and IL(q) are proportional to the mean squared height fluctuations, (t",q)) and ( & q ) ) , respectively. The ratio of these intensities is thus
For inverse power law interactions, k(q) can be calculated exactly: R(q) = (2/r(n)) (qe/ZInKn (qe) (13) where K , is the modified Bessel function of the second kind of order-n, and r is the gammafunction.
Discussion. -Our linear response approximation is a generalization of the so-called implying K(q) = 1. The intensity ratio, eq. (12), is reduced to a Lorentzian square function of the momentum transfer q. This functional form for correlations is also obtained in mean-field theories for other random systems [12] .
Our more general treatment takes into account nonlocal contributions to the disjoining pressure. We distinguish between two limiting physical regions: i) long-wavelength fluctuations of the solid surface, qe << 1 and qf<< 1, are followed by the liquid interface, tL(q) -ts(q); ii) short-wavelength fluctuations are damped by the liquidhapor surface tension for qf>> 1, and by averaging of the contribution to the local disjoining pressure for qe >> 1. The Deryagin approximation excludes the latter effect.
For inverse power potentials the nonlocal form of 17, leads to exponential damping of short wavelength fluctuations, qe >> 1. For Van der Waals interactions this also implies q t >> 1 since t> e. One finds
The X-ray intensity ratio is IJIs -(qe)-l
In general, undulations of the solid surface will be followed more closely as the film thickness decreases (e and f become smaller), and the liquid interface will become smoother as the thickness increases. Numerical solutions [ll] show that this trend continues even when the linear approximation is no longer valid (i.e. when the r.m.s. roughness is of order e). Results of recent experiments on thin water [l] and PDMS [Z] films clearly show this behavior over the range of e studied. Quantitative comparison with our results should be possible for PDMS which is a good Van der Waals fluid. However, thermal fluctuations of the liquid interface which contribute an additional roughness (3A for water) must be included in a detailed comparison.
Our predictions can be extended to two types of experimental situations where roughness is superimposed on films whose average thickness varies slowly with position. The advantage here is that (at least in principle) a whole range of thicknesses can be analyzed in a single experiment and compared with theory.
The (4) Viscous terms may modify this result at large U .
In conclusion, in this paper we present a theoretical calculation of the interplay between a rough solid surface and induced roughness in the liquid interface above it. We suggest a few experimental situations where such roughness may be of importance. Techniques such as Xray diffraction E11 and ellipsometry [2] can be used to check the predictions presented here. Other interesting situations such as wetting on self-affine or fractal [15] surfaces as well as capillary rise in rough capillaries and other geometries will be addressed elsewhere. In addition, natural continuations of the study presented here will be to look at the influence of roughness on dynamics of complete wetting [ll] and the role of roughness in rupture of thin liquid films.
